The absence of standard guidelines from National and International regulatory agencies for the safety evaluation of biotechnology products challenges the ingenuity of toxicologists. At present, the development of standard pre-clinical toxicology protocols for such products is on an individual case basis. The present investigation is an attempt to evaluate the safety profile of the first indigenously developed DNA based anti-rabies vaccine in India. The test compounds were DNA rabies vaccine {DRV (100 g)} and combination rabies vaccine (CRV (100 g DRV and 1/50 dose of cell culture vaccine)), intended for clinical use by intramuscular route on 1, 7, 14 and 28 day. As per the regular mandatory requirements, the study has been designed to undertake acute (single dose-10 days), sub-chronic (repeat dose-28 days) and chronic (intended clinical dose-120 days) toxicity tests using three dose levels viz. therapeutic, average (2 × therapeutic dose) and highest dose (10 × therapeutic dose) exposure in Swiss Albino mice. The selection of the rodent model viz. Swiss Albino mice is based on affinity and rapid higher antibody response during the efficacy studies. Apart from physical, physiological, clinical, hematological and histopathology profiles of all target organs, the tier-I immunotoxicity parameters have also been monitored. There were no observational adverse effects even at levels of 10× therapeutic dose administration of DRV and CRV. The procedure also emphasizes on the designing of protocols for the products developed by recombinant technique.
Introduction
The safety evaluation of therapeutic agents at pre-clinical stage, especially of DNA/RNA based recombinant products is gaining momentum even in the absence of standard stipulated, regulatory guidelines [23] . In the recent past, many vaccines have been developed using modern biotechnological techniques, as they are not only potential preventive/therapeutic agents, but also economically viable [11, 12, 18] . Among the vaccines available in India for various diseases, the one against rabies is produced from neural tissue (sheep brain) and is reported to be associated with autoimmune neuropathy [20] . Also, the anti-rabies vaccine developed by tissue culture technique is expensive and hence unaffordable to large populations in developing countries [10, 17] .
Based on earlier reports [24, 25, 1] , a recombinant DNA rabies vaccine (DRV) has been developed indigenously for the first time in India by Indian Institute of Sciences (IISc), Bangalore, India. The DRV was shown to induce rabies virus neutralizing antibodies in mice and monkeys and confer 50-80% protection in a murine rabies virus challenge model [5, 3, 4] . However, a novel combination rabies vaccine (CRV) consisting of DRV and low doses of existing cell culture vaccine was found to be more potent since it not only induced high levels of neutralizing antibodies in mice and cattle but also conferred 100% protection in murine rabies virus challenge models [4] . As a first step towards carrying out animal and human clinical trials, the present study was undertaken to evaluate the pre-clinical toxicology profile viz. acute, subchronic and chronic toxicity test of DRV and CRV, in rodent species based on the National and International guidelines [2, 14, 15] , FDA, [7] [8] [9] .
Materials and methods
The pre-clinical toxicology data of DRV and CRV has been obtained from equal number of male and female mice as per the regulatory guidelines.
Test formulations
The following formulations were manufactured at Indian Immunologicals Limited, Hyderabad, India, which is approved by Indian Drug control authorities and ISO 9001 certified facility.
DNA anti-rabies vaccine (DRV)
DRV is a recombinant DNA anti-rabies vaccine comprising of plasmid DNA (100 g) encoding rabies virus surface glycoprotein in animal cells [5] . DRV plasmid DNA was prepared from transformed E. coli cells and purified under GMP conditions as described [13] .
Combination rabies vaccine (CRV)
CRV was prepared by mixing DRV and Vero cell-derived inactivated rabies virus vaccine (Abhayrab, Indian Immunologicals Limited, India) such that 1× dose consisted of 100 g of DRV and 1/50 dose of Abhayrab. This was developed for an intended clinical dose to be administered for protection against rabies. The immunogenecity of Abhayrab has been described [19] .
Test dose.
DRV in various dose levels of 100 (1×), 200 (2×) and 1000 (10×) g or CRV containing 1/50 dose of cell culture vaccine in addition to 100, 200 g DRV had been prepared as 100 l of plasmid DNA dissolved in saline, to be administered in a constant volume (0.1 ml) to the various groups of animals, by intramuscular route under various dosage schedules using saline as a vehicle for administration (Table 1) .
Test species. Swiss Albino mice (Mus Musculus),
aged between 4-6 weeks, weighing 16-20 g,in equal numbers of both sexes, were obtained from National Centre for Laboratory Animal Sciences, NIN, Hyderabad, India. All the animals were conditioned to the experimental environment for a period of 3 days. Animals were housed in groups of three, in standard suspended polypropylene mice cages with top grill having facilities for holding pelleted feed and drinking water in glass bottles with stainless steel sipper tubes. The bottom of the cage was also stainless steel grilled to facilitate free droppings of faeces and urine and also to prevent coprophagy. The environmental conditions were kept at 21 ± 2 • C, with 10-15 air changes per hour and relative humidity 50-55% with a 12 h light/dark cycle. The animals had free access to sterile pelleted feed of standard composition containing all macro and micronutrients. Water which was passed through activated charcoal filter and exposed to UV rays (Aqua guard on-line water filter-cum-purifier, Eureka Forbes Ltd., India) was provided. The animals were examined at regular intervals by trained personnel to look for any traits other than normal.
Test details
As mentioned earlier, all tests were undertaken as per the regulatory guidelines and all animal experimental protocols were approved by the Institutional Animal Ethics Committee before commencement of the studies.
Acute toxicity test
A pre-study was conducted in 10 Swiss albino mice (5 males + 5 females) with the test formulation DRV containing ten times the intended clinical dose (10×) administered as a single dose to observe morbidity, mortality and toxic reactions, if any, for 15 days.
Sub-chronic toxicity test
A total of 120 Swiss Albino mice (60 males + 60 females) were equally divided randomly into 6 groups. All these animals were exposed to test compounds at various dose levels (Table 1) for three consecutive doses for 3 days. Various parameters (mentioned below) have been recorded at the mentioned intervals. The hematological, clinical chemistry, gross necropsy and histopathological parameters have been studied in 50% of the animals on day 15 and remaining on day 30 to look for abnormal reactions, if any. The number of samples analyzed in all these studies varied from 5 to 10.
Chronic toxicity test
A total of 120 Swiss Albino mice (60 males + 60 females) were equally divided randomly into 6 groups. Each of these animals was exposed to the test formulations in accordance with an intended clinical dosage schedule viz. 0, 4, 7, 14 and 28 days at therapeutic, twice and 10 times of therapeutic concentrations (Table 1) . Apart from various study param- eters, hematological, biochemical profiles, gross necropsy, histopathological and immunotoxicological parameters had been studied in mice in 1/3 of the animals each time on 30, 60 and 120 days. The number of samples analyzed in all these studies varied from 5 to 8.
Study parameters

Live phase of animals
An extensive pharmacological profile for the safety assessment of the test compound was generated (using standard international guidelines which included monitoring of food intake, body weight, general behaviour etc). Water intake was monitored twice a week and cage side observations were recorded daily.
Physical examination
Physical examination included observations of hair coat, lacrimation, salivation, respiration character and rate, eye prominence, eyelid closure, tremors etc. which were monitored twice a week.
Neurological examination
The neurological examination included locomotor, rearing activity, tail elevation, abnormal ataxic gait, head position, pinna touch response etc., which were recorded at least twice a week.
Clinical laboratory investigations
After the experimental period, the mice were fasted overnight (water allowed) and blood drawn from retroorbital plexus using heparanized microcapillary tubes and blood collected into heparin or EDTA K2 containing vials. Plasma was separated from heparinized blood and used for clinical chemistry analyses which included liver function tests (AST, ALT, ALP), renal function tests (urea, creatanine) in addition to plasma glucose, albumin and calcium, using ACE TM auto analyzer (Schiapparelli Biosystems, Wipro Biomed) at various time points as indicated in test details. Apart from these, qualitative tests of urine were also carried out.
Haematological examination
The haematological investigations included-total white blood cell (WBC) count, red blood cell (RBC) count, haemoglobin (Hb), haematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC), platelet count, mean platelet volume (MPV) and lymphocyte % in blood samples drawn into tubes containing EDTA K2 at various time points, as indicated in the test details and analysed on an automated blood cell counter (Serono Baker System 9120 CP+, UK).
Gross necropsy and histopathology
After collecting the blood samples, the mice were euthanised by cervical dislocation and subjected to gross necropsy. External features suggesting any abnormality, especially evidence of lymph node enlargement were looked into. After opening the chest and abdominal cavities, an in situ examination was done. Brain, heart, lungs, liver, spleen, kidneys, gastrointestinal tract, pancreas, individual sex organs, thymus, thyroid, trachea, adrenals, bone marrow and injection site were studied and the findings recorded. The individual organs were again examined for gross morphology changes after removal. After detailed gross necropsy examination, liver, spleen, kidney, lung, heart, brain, ovaries/testes were weighed on a top loading electronic weighing machine (Sartorious, US). They were adequately sliced and preserved in 10% neutral buffered formalin overnight, sampled and processed by conventional methods. Five micron paraffin sections were stained with Hematoxylin and Eosin and examined under a light microscope (Leitz Diaplan, USA). All deviations from normal histology were recorded and compared with corresponding controls.
Immunotoxicology (immunopathology)
The tier-I parameters include clinical (hair loss, salivation, lacrimation, skin reaction at injection site), heamatological (total leucocyte count and differential leucocyte counts) as well as histopathological studies for immunotoxicology evaluation. The histological evidence of any immune mediated hyperactivity or immune suppression were in the form of reactive hyperplasia/hypoplasia at the injection site, spleen, thymus, mucosa associated lymphoid tissue, bone marrow etc [21] . 
Statistical analysis
Results
Pre-testing
The mice exposed to the single dose of ten times the intended clinical dose of DRV did not show any abnormal behaviour/toxic signs and no lethality.
Sub-chronic
The mice, investigated after administration of DRV, CRV at various dose levels did not show any significant changes in body weight gains (Fig. 1) or food intakes. There were Fig. 2 . Sub-chronic -mice -biochemistry. Table 2 Heamatological profile of the animals exposed to test compound Sub-chronic toxicity test
Parameters
Days Groups Values are expressed as mean ± S.D. () no. of animals. Table 3 Organ weights (g) sub-chronic study no significant abnormalities in physical, physiological and neurological activities as evaluated by standard procedures. The hematological (Table 2 ) and biochemical ( Fig. 2 ) parameters on 15 day and 30 days of postexposure to the test compounds were found to be within normal range. The organ weights were not significantly different (Table 3) and there were no gross necropsy or histopathological changes in all the vital organs collected on 15 and 30 day of post exposure (Table 4 ).
Chronic
The gain in body weight (Fig. 3) and food intake was found to be normal in all test groups and there were no significant differences on day 120 of the post administration of test compound at the intended clinical dose. Similarly behavioural, clinical, physical, physiological parameters were also normal during the course of study in all groups.
The hematological (Table 5 ) and clinical chemistry (Fig. 4 ) parameters were found to be in normal range during the 120 days of post exposure to test compounds. There were no significant changes in organ weights (Table 6 ) and no gross morphological changes. There was no evidence of abnormal histopathological findings in all the vital organs studied (Table 7) . Table 4 Gross necropsy sub-chronic study Table 5 Heamatological profile of the animals exposed to test compound Chronic toxicity test
RBC × 10 6 (l) 90 9.79 ± 0.592 (5) 9.88 ± 0.629 (5) 9.48 ± 0.254 (5) 9.55 ± 0.417 (5) 9.83 ± 0.189 (5) 9.74 ± 0.399 (5) 120 8.95 ± 1.492 (5) 9.78 ± 0.420 (7) 9.99 ± 0.433(6) 9.63 ± 0.661 (8) 10.09 ± 0.378 (7) (7) 4.37 ± 0.737(6) 9.95 ± 14.208 (8) 2.87 ± 0.673 (7) 3.33 ± 1.671 (8) Values are expressed as mean ± S.D. () no. of animals. Fig. 3 . Body weight gain in animals exposed to test compound-chronic toxicity test; 1 = Before exposure; 2 = 29th day (1st day after last exposure); 3 = 56th day (30th day after last exposure); 4 = 79th day (45th day after last exposure); 5 = 86th day (60th day after last exposure); 6 = 100th day (75th day after last exposure); 7 = 119th day (90th day after last exposure).
Bio-chemical, heamatological, histopathological and immune parameters were studied for toxicological evaluation. Of these, clinical and hematology parameters were not different between the various groups studied. However in histopathological studies, it was observed that changes were scattered in all groups including vehicle control (spleen, lym- Fig. 4 . Biochemistry-chronic toxicity test. Table 6 Organ weights (g) chronic toxicity study
Tissues
Days Groups Table 7 Gross necropsy chronic study phoid hyperplasia-VC, DRV (2×) and DRV (10×); injection site abscess-VC; intestinal mucosa associated lymphoid tissue hyperplasia-DRV (1×), CRV (1×), DRV (2×) and DRV (10×)). However, the changes observed did not appear to be related to the treatment since there were no dose related changes and were also observed in the vehicle controls and were not statistically significant.
Discussion
The DRV, an eukaryotic expression plasmid encoding rabies virus glycoprotein consisting of kanamycin resistance gene as the antibiotic selection marker induces virus neutralizing antibodies in mice and monkeys and protects mice partially against intracerebral and peripheral rabies virus challenge [5, 3, 4] . Abhayrab, a purified vero cell-derived human anti-rabies vaccine (PVRV) consisting of inactivated rabies virus induces high levels of virus neutralizing antibodies in humans [19] . Addition of a small quantity of PVRV to DRV was shown to dramatically enhance the potency of the former leading to the development of a novel combination anti-rabies vaccine formulation or CRV [4] . In order to develop CRV as a low cost human anti-rabies vaccine, it was necessary to carry out safety and pre-clinical toxicity studies in appropriate animal species. In order to promote any drug or vaccine for clinical use, the primary requirement in preclinical toxicology studies is the species selection. Selection of the species varies with the nature of the compound under test [23] and the safety evaluation of biological products which include biotech manufactured substances need relevant species having relative affinity, distribution of receptors for the intended clinical product with appropriate immunological response [23] . In the present study, the rodent species (Swiss Albino mice) had been selected which is not only as per regulatory guidelines, but also based on the efficacy studies [5, 3, 4] . These studies have successfully demonstrated the induction of higher anamnestic antibody response in Swiss, Balb C mice and cattle after administration of CRV vaccine (DRV + cell culture vaccine) thus confirming and supporting our selection of the appropriate rodent species.
Conventional toxicology procedures support the hypothesis on safety of compound for clinical use, only if it does not indicate any adverse reaction, after administration of 10 times of intended therapeutic dose [16] . The selection of dosage and duration is based on the principles of toxicology studies and its vaccination potential. As per the guidelines, monitoring of various parameters includes physical, physiological, specially allergic, clinical, hematological, biochemical and histopathological studies.
In the present study, the data on acute, sub-chronic and chronic toxicity test are in agreement with the sound scientific reports published for various products. Since the product is a DNA based vaccine, and is an immuno-protective agent, special attention on evaluation of the immune toxic effects was based on tier-I tests ( [2, 21, 22] ). The initial tier-I screen for immunotoxic effects are based on routine hematological, serological and histopathological findings. In case of any abnormality, the tier-II immune parameters need to be monitored. In the present investigation, the results, specially total and differential blood cell counts, serum protein, albumin, organ weights, body weights were found to be in normal ranges even at the highest concentration of post exposure for 17-18 weeks.
The detailed investigations carried out in the present study are according to the updated guidelines as well as report of Cockerell et al. [6] (specifically on data related to histopathological and other toxicological findings). The routine parameters specially food intake, body weight, physical, physiological and clinical parameters did not show any significant changes even after the exposure of the animals with 5 and 10 times the recommended therapeutic dose. The biochemical and hematological profile also were normal. In addition to these, tier-I tests (immunotoxicology) were also carried out. There was no evidence of histopathological changes in spleen, thymus, lymph nodes and bone marrow in animals exposed to ten times the therapeutic dose, suggesting the safety of the test material. Also there was no evidence of infection/tumor, particularly of lymphoid tissues in the animals exposed to DRV or CRV, even after 120 days of post exposure at 10× dose. These results thus, suggest no evidence of immunotoxicity due to DRV and CRV. The data generated in the present study from Indian laboratories is according to the guidelines proposed by the Department of Biotechnology, New Delhi [2] to evaluate the safety trials of indigenous biotech products. Since the DNA construct is the major inducer of immunity in the present anti-rabies vaccine, it is essential to examine its immunotoxicological effects like induction of antinuclear antibodies/autoimmunity. Though, first generation cross between New zealand white and black mice has been suggested as a suitable model for assessing autoimmunity, we were not able to carry out these studies due to non-availability of the above strains. However, induction of anti nuclear antibodies and double stranded DNA following DRV/CRV immunization were evaluated in another study using non human primates which were used as a second species as is mandatory according to the regulatory guidelines (to be published).
This data adds information to the existing data on various other DNA products to be used as preventive/therapeutic agents in clinical conditions. The present study conducted in Indian laboratories is an attempt to address the importance of developing preclinical toxicity data on a case by case basis with special reference to biotech products.
